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Relationship between the Mediterranean dietary pattern and
musculoskeletal health in children, adolescents, and adults:
systematic review and evidence map
Jean V. Craig, Diane K. Bunn, Richard P. Hayhoe, Will O. Appleyard, Elizabeth A. Lenaghan,
and Ailsa A. Welch
Context: An understanding of the modifiable effects of diet on bone and skeletal
muscle mass and strength over the life course will help inform strategies to reduce
age-related fracture risk. The Mediterranean diet is rich in nutrients that may be im-
portant for optimal musculoskeletal health. Objective: The aim of this systematic
review was to investigate the relationship between a Mediterranean diet and mus-
culoskeletal outcomes (fracture, bone density, osteoporosis, sarcopenia) in any age
group. Data Sources: Ten electronic databases were searched. Study Selection:
Randomized controlled trials and prospective cohort studies that investigated a tra-
ditional Mediterranean diet, published in any language, were eligible. Studies using
other designs or other definitions of the Mediterranean diet were collated separately
in an evidence map. Data Extraction: Details on study design, methods, popula-
tion, dietary intervention or exposure, length of follow-up, and effect on or associa-
tion with musculoskeletal outcomes were extracted. Results: The search yielded
1738 references. Data from eligible randomized controlled trials (n¼ 0) and pro-
spective cohort studies (n¼ 3) were synthesized narratively by outcome for the sys-
tematic review. Two of these studies reported on hip fracture incidence, but results
were contradictory. A third study found no association between the Mediterranean
diet and sarcopenia incidence. Conclusions: Overall, the systematic review and
evidence map demonstrate a lack of research to understand the relationship be-
tween the Mediterranean diet and musculoskeletal health in all ages. Systematic
Review Registration: PROSPERO registration number IDCRD42016037038.
INTRODUCTION
Bone fractures in older adults are a substantial public
health problem, predicted to be compounded in the
future by an increasingly aging population.1,2 Health
and social care costs associated with age-related
fractures are considerable; in 2005, the combined an-
nual expenditure was estimated at E32 billion for
European countries,3 projected to increase to
E37 billion by 2025.2 To help reduce the incidence of
age-related fractures, a better understanding of the
effects of modifiable factors, such as diet, on bone and
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muscle health over the life course is needed to inform
strategies.
Fall-related fracture risk increases with age.4,5
Causes are multiple, the most noteworthy being age-
related deterioration of both bone and skeletal muscle
health. It is well established that low bone mass and
microarchitectural deterioration of bone tissue, charac-
teristic of osteoporosis, increases susceptibility to low-
impact fragility fractures.6 However, more recently, the
relevance of loss of skeletal muscle mass or strength to
bone health has been recognized, with evidence of associ-
ations between low skeletal muscle mass, low strength, or
low physical performance and outcomes of osteoporosis
or low bone mineral density, falling, and fractures.7–11
Risk of falling can be attributed in part to muscle-related
factors that include impaired balance, reduced agility,
and diminished grip strength. Additionally, skeletal mus-
cle may provide a physical protective barrier to reduce
the impact of falls. There is a mechanical interrelation-
ship between skeletal muscle and bone that may affect
fracture risk. Bone tissue is responsive to the mechanical
load of skeletal muscle contraction,12 and thus a decline
in muscle function could result in a deterioration in
bone health.13,14 Emerging research also suggests there is
a biochemical interrelationship whereby skeletal muscle
secretes endocrine factors that stimulate bone growth
and repair.12,13 When sarcopenia (characterized by age-
related, progressive, generalized loss of skeletal muscle
mass and strength) and osteoporosis coexist, as they
commonly do,10,11 fracture risk increases.8
Sarcopenia was identified in the late 1980s,15 but
definitions and diagnostic cutoff points continue to be
debated.16–19 Related terms such as dynapenia, referring
to age-related loss of power and muscle strength,20 and
myopenia, used to define clinically relevant muscle
wasting occurring at any age,21 are also emerging. In
this review, the definition of sarcopenia is that used by
the European Working Group on Sarcopenia in Older
People: “the presence of low skeletal muscle mass with
low skeletal muscle function (either low muscle strength
or low physical performance).”17 This combination of
skeletal muscle outcomes is also used in definitions pro-
posed by other working groups.22–24 Since interplay
exists between bone and muscle, it is logical to investi-
gate the musculoskeletal system, rather than the skeletal
system alone, when seeking to develop strategies to re-
duce fracture risk in later life. Furthermore, musculoskel-
etal influences earlier in life must be considered. Bone
mass and skeletal muscle mass and strength reach a peak
in early adulthood before declining, and so the health of
bone and skeletal muscle in later life may be determined
not only by the extent of the decline but also by levels
attained in childhood and adolescence.25,26 A computer
modeling study suggests that peak bone mineral density
may be the principal factor influencing the timing of on-
set of development of osteoporosis.27
An important modifiable factor affecting the mus-
culoskeletal system is diet.25,28,29 An understanding of
the role of individual nutrients in maintaining bone
and skeletal muscle health is advantageous, yet nutrients
are not eaten in isolation. When consumed together
over a period of time, nutrients can have interactive and
cumulative effects. It is thus relevant to investigate overall
dietary patterns to explain the effects of nutrition on
health. Of particular interest is the influence of the
Mediterranean diet, a predominantly plant-based diet
with moderate intakes of fish; low intakes of meat, dairy,
and saturated fats; olive oil as the main source of dietary
fat; and regular but moderate alcohol intake.30 Although
the Mediterranean diet has been broadly described, var-
iations exist in the food groups and nutrient components
included in associated adherence indices used by differ-
ent researchers. These variations must therefore be taken
into account when comparing studies.31
The Mediterranean diet is rich in antioxidants such
as vitamin C, carotenoids, and selenium and in miner-
als such as magnesium, which recent studies have
suggested may affect muscle health.28 Similarly, phy-
toestrogens, antioxidants, potassium, magnesium, and
vitamins K and C, found in such a diet, may be impor-
tant for reducing the risk of osteoporosis and fracture.32
Accumulating evidence from systematic reviews indi-
cates wider health benefits of the Mediterranean diet,33
notably the positive associations with reduced risk of
coronary heart disease,34,35 stroke,36 diabetes,37,38 and
all-cause mortality.39 Studies investigating the relation-
ship between this diet and musculoskeletal health might
therefore be expected. At the time of conducting this re-
search, only 1 previous review of studies investigating
the effects of a Mediterranean diet on musculoskeletal
health (bone outcomes only) had been carried out,40
and this did not use a priori–defined methods.
The aim of this study was therefore to identify, evalu-
ate, and synthesize the research evidence pertaining to the
relationship between the Mediterranean diet and muscu-
loskeletal outcomes in children, young people, and adults.
Objectives
The first objective of this systematic review was to con-
duct a systematic search for studies of any design that
have investigated the relationship between a
Mediterranean diet (by any definition) and musculo-
skeletal outcomes, and to map the nature of that re-
search by summarizing the types of participants, diets,
and outcomes investigated. The purpose of this broad
evidence map is to inform future investigators of the
existing evidence base and information gaps.
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The second objective was to use established meth-
odology41 to undertake a systematic review of a subset
of studies identified in the evidence map that fulfil
tighter inclusion criteria. Evidence from RCTs was used
to determine the effects of a diet that follows the core
principles of a traditional Mediterranean diet, when
compared with any other dietary pattern, on outcomes
of: fracture incidence (primary objective), fracture risk
score, osteopenia and osteoporosis incidence, bone
mineral density, bone mineral content, bone turnover
markers, sarcopenia incidence or combined outcomes
of skeletal muscle mass plus skeletal muscle strength or
physical performance where sarcopenia incidence/prev-
alence is not reported. Evidence from prospective co-
hort studies was used to determine the association
between a diet that follows the core principles of a tradi-
tional Mediterranean diet and the above outcomes
when adjusted for established or potential confounders.
The third objective was to examine the characteris-
tics of Mediterranean diet adherence assessment scores
to ensure that standard Mediterranean diet definitions
were used in the studies included in this systematic
review.
METHODS
The study protocol was registered on April 1, 2016, with
the PROSPERO International Prospective Register of
Systematic Reviews, registration ID CRD42016037038.42
The PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) checklist43 was used to
guide reporting (see Table S1 in the Supporting
Information online).
Defining the Mediterranean diet
In research settings, a large number of indices are used
to define and operationalize the Mediterranean
diet.38,39 While a Mediterranean diet by any definition
was of interest in the evidence map (objective 1), the fo-
cus of the systematic review (objective 2) was solely on
studies that investigated a diet most closely representing
what is traditionally termed a Mediterranean diet. In
order to define this diet at the outset (objective 3), the
23 Mediterranean diet adherence indices previously
identified by Shaw (2015)44 were examined, and the
food categories and scoring approach used in each of
the indices was noted, including whether higher con-
sumption is treated as positive (encouraged) or is re-
stricted. These findings were considered alongside the
findings of 2 reviews: a systematic review that had tabu-
lated the food categories and scoring methods of
Mediterranean diet adherence indices used in prospec-
tive cohort studies investigating a range of health
outcomes,39 and a separate evaluation of 22
Mediterranean diet adherence indices that was pub-
lished subsequent to the work undertaken for this pa-
per.31 All 3 evaluations confirmed there is a lack of
uniformity between indices in the number of food cate-
gories, food category groupings (eg, fruit and nuts can
be treated independently or grouped together in 1 cate-
gory), the description of foods within categories (eg,
dairy vs full-fat dairy), and the scoring approaches used.
In this systematic review, the Mediterranean diet
was defined as a diet that explicitly addressed, as a mini-
mum, the 8 core food categories most frequently cited
across the indices: vegetables, fruit, legumes, cereals,
fish, meat, dairy, and dietary fat used in food prepara-
tion and cooking. Alcohol, listed in most diet adherence
scores, was not considered a core category because this
systematic review had no age restrictions and alcohol
consumption is not assessed in children. Variation in
the food descriptors used within a core category was
allowed; for example, meat, red meat, and/or processed
meat were all accepted in the meat category, and olive
oil, monounsaturated fatty acids (MUFAs) to polyun-
saturated fatty acids (PUFAs) to saturated fatty acids
(SFAs) ratio, and MUFA or PUFA to SFA ratio were all
accepted in the dietary fat category.30,45 Quantities of
food intake from each core category had to comply with
the broad, indicative criteria shown in Table 1. For ex-
ample, for a diet to be defined as a Mediterranean diet,
the vegetable intake, which is encouraged and treated as
positive across all dietary indices, needed to be high, de-
fined here as greater than or equal to either a minimum
number of recommended servings (varies across studies
and indices) or the sex-specific median of the study
population.
The resultant criteria to define a Mediterranean
diet for the systematic review allowed some leeway on
types of foods while ensuring that diets that differed
markedly from the traditionally defined Mediterranean
diet were excluded.
Identifying studies
A search of 10 databases (MEDLINE, Embase,
CINAHL, Cochrane Library databases, LILACS
[Literatura Latino Americana em Cie^ncias da Saude],
Web of Science, CAB Abstracts, International Standard
RCT Number [ISRCTN] Registry, WHO International
Trials Registry Platform [ICTRP], and ProQuest
Dissertations & Theses) was performed on December 8,
2015, to identify studies eligible for inclusion in the evi-
dence map and systematic review using a combination
of indexing and free text terms related to
Mediterranean diet or associated adherence scores (in-
tervention and exposure terms) and bone or muscle
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(outcome terms) (see Appendix S1 in the Supporting
Information online). No language or date restrictions
were applied. Potentially eligible records identified sub-
sequent to that date via, eg, automated email notifica-
tions, were assessed for eligibility up until April 15,
2016. Bibliographies of eligible studies and of related
systematic reviews were searched for additional poten-
tially eligible studies.
Eligibility criteria
Studies were eligible for inclusion in the evidence map
and systematic review if published in full or, in the case
of shorter reports, such as conference abstracts, if meth-
ods and results were reported. Non-English-language
studies were eligible, provided acceptable translations
into English language could be obtained. The criteria by
which studies were selected for inclusion in the evi-
dence map differed from those used for the more fo-
cused systematic review in terms of the following: type
of Mediterranean diet intervention or exposure, timing
of outcome measures, and type of study design
(Table 1). Randomized controlled trials, the optimum
design to investigate the health effects of an interven-
tion,41 and prospective observational cohort studies
were considered sufficiently robust to include in the
systematic review. Other designs, such as cross-
sectional studies, in which exposures and outcomes are
measured at the same, single time point, were not eligi-
ble for the systematic review but have been included in
Table 1 PICOS criteria for inclusion of studies in the evidence map and systematic review
Parameter Evidence map Systematic review
Participants People of any age, in any country, with any clinical condition, whose meals were either self-provided or
provided as part of care in a residential home
Intervention diet (inter-
ventional studies)
Participants advised to follow a dietary pattern la-
beled as “Mediterranean,” with or without provi-
sion of foods; diet not to have been modified for
weight loss (such diets can alter dietary patterns);
co-interventions such as exercise allowed, pro-
vided they were administered to all groups
Inclusion criteria were the same as those for the
evidence map, but in addition, advice about
MD to have addressed at least 8 core food cate-
gories, as follows: high consumption encoura-
geda for (1) fruit, (2) vegetables, (3) legumes,
(4) cereals, and (5) fish; high consumption dis-
couragedb for (6) meat and (7) dairy; and, for
(8) dietary fat, low consumptionb of SFAs, or a
high ratio of MUFAs and/or PUFAs to SFAs, or
olive oil as the predominant dietary fat encour-
aged; MD enhancements, such as provision of
supplementary olive oil, allowable if relevant to
MD and in food form
Comparator diet (inter-
ventional studies)
Advice to follow usual diet or any dietary pattern other than MD, or no dietary advice
Assessment of exposure
to MD
A priori assessment, using any MD adherence index,
or a posteriori assessment, using methods such
as exploratory principal component analysis to
identify commonly consumed combinations of
foods that are then designated as comprising a
MD
A priori assessment onlyc, using an MD adherence
index that addresses at least 8 core food cate-
gories, with scores favoring high consumption
of (1) vegetables, (2) fruit, (3) legumes, (4) cere-
als, and (5) fish; low to moderate consumption
of (6) meat and (7) dairy; and, for (8) dietary fat,
low consumption of SFAs or a high ratio of
MUFAs and/or PUFAs to SFAs, or consumption
of olive oil as the predominant fat used in cook-
ing or food preparation
Outcomes Fracture incidence (primary outcome), fracture risk score, osteoporosis or osteopenia incidence, BMD,
BMC, bone turnover markers, sarcopenia or dynapenia or myopenia incidence, skeletal muscle mass
plus strength or physical performance
Study design Any design RCTsd and prospective cohort studies
Minimum duration of
follow-up or timing of
outcome assessment
Any follow-up period  6 months for fracture incidence, BMD, BMC, sar-
copenia incidence, and skeletal muscle mass
plus strength or physical performance;
 1 month for bone turnover markers
Abbreviations: BMC, bone mineral content; BMD, bone mineral density; MD, Mediterranean diet; MUFAs, monounsaturated fatty acids;
PUFAs, polyunsaturated fatty acids; RCTs, randomized controlled trials; SFAs, saturated fatty acids.
aHigh consumption defined as intake greater than or equal to the sex-specific median of the study population, or greater than or equal
to a specified minimum number of servings.
bLow consumption or consumption discouraged defined as intake less than or equal to the sex-specific median of the study population,
or less than or equal to a specified maximum number of servings.
cIt can be unclear which food categories have been assessed in an a posteriori approach, which hinders comparability across studies.
dRCTs were eligible whether randomization was done at the individual or the group level. Crossover RCTs were eligible if data from
the first period of the crossover could be used; data from the second period were not eligible because of the risk of carryover of eating
patterns from the first period.
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the broader evidence map. The inclusion criteria for
types of outcomes (Table 1), applicable to both the evi-
dence map and the systematic review, were supple-
mented with a list of possible outcome measures to
further aid reviewers in the study selection process (see
Appendix S2 in the Supporting Information online). As
there is little evidence to inform the time frame re-
quired for a dietary pattern to bring about modification
of the parameters, the minimum eligible follow-up
times for each outcome—for the systematic review stud-
ies only (Table 1)—were determined by the study team,
informed by the literature where available.15,46
Study selection
Following de-duplication of references, 2 reviewers in-
dependently screened titles and abstracts. Potentially
relevant full-text reports were retrieved and assessed in-
dependently by 2 reviewers using a prepiloted checklist
to determine eligibility for the evidence map and, if eli-
gible, whether the reports also met the more stringent
criteria for inclusion in the systematic review.
Disagreements were discussed and a third reviewer con-
sulted if further clarification was required to reach con-
sensus on eligibility.
Data extraction
Using a prepiloted form, data on study design and pur-
pose, dates, setting, types of participants, Mediterranean
diet intervention and comparator diet(s) (interventional
studies), assessment of dietary intake and exposure to a
Mediterranean diet, and musculoskeletal outcomes
were extracted for all studies. For studies meeting the
more stringent systematic review criteria, results per-
taining to the musculoskeletal outcomes (hazard ratios
[HRs] or odds ratios [ORs] with corresponding 95%CI
and P values), from the most-adjusted multivariable
model, together with the potential confounding varia-
bles that had been entered into the model were tabu-
lated, grouped by outcome.
Data extraction was undertaken by 1 reviewer and
checked by a second reviewer for studies included in
the evidence map and was performed by 2 reviewers in-
dependently for the systematic review studies.
Discrepancies on extracted data, discussed with other
reviewers in the team, were resolved by consensus.
Corresponding authors were contacted to provide clari-
fication on results, where required.
Assessment of risk of bias (systematic review studies)
Studies eligible for the systematic review (all prospective
cohort studies) were assessed by 2 reviewers
independently using the standard domains in the ap-
propriate Newcastle-Ottawa quality assessment scale
(NOS),47 revised to include review specific guidance
(see Appendix S3 in the Supporting Information on-
line). No attempt was made to conceal from the asses-
sors the identity of the study authors or the journal of
publication. The quality of evidence pertaining to each
outcome in included studies was scored as high (NOS
scores 7–9), moderate to good (5 or 6), or poor (<5).
Study findings were interpreted in the context of study
quality.
Data synthesis
Higher vs lower Mediterranean diet exposures were
compared for each musculoskeletal outcome, and these
data were synthesized narratively, subgrouped by age
and sex where possible. For the evidence map, study
characteristics, but not results, were tabulated and syn-
thesized narratively, grouped by outcome.
RESULTS
Following removal of duplicate records, 1738 titles and
abstracts were screened. Of these, 238 full-text articles
were assessed for eligibility, yielding 18 studies that in-
vestigated the relationship between Mediterranean diet
and 1 or more of the predefined musculoskeletal out-
comes (Figure 1). To aid clarity in the reporting of find-
ings, the 3 studies that fulfilled the tighter systematic
review criteria were separated from the other 15 studies
in the evidence map. From here on, the 2 sets of studies
are referred to as systematic review studies and evidence
map studies. Figure 2 represents the totality of evidence
identified in the systematic review and evidence map
studies for each outcome, by study design.
Systematic review studies
Three prospective cohort studies, 2 reporting on frac-
ture incidence48,49 and 1 on sarcopenia incidence,50
were included in the systematic review (Table 248–50).
The quality of evidence ratings was moderate to good in
the fracture incidence studies (NOS scores 648 and 549)
and high in the sarcopenia study (NOS score 7)50
(Table 348–50).
Fracture incidence. First incident fracture was assessed
at the hip in 2 European studies48,49 and, in 1 of these
studies,49 at the wrist and vertebra as well. Benetou
et al.48 report on 188 765 participants (74% female;
mean age [6 SD] 48.6 6 10.8 years) from 10 centers in
8 European countries. Fracture data were obtained
from self-reports (7 centers), record linkage (2 centers),
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or x-ray–verified registers (1 center). Feart et al.49 re-
port on self-reported fracture incidence in 1482 partici-
pants (63% female; mean age [range] 75.9 [67.7–
94.9] years) from Bordeaux (Table 2).
Dietary intake in both studies was assessed at base-
line only. The pan-European study48 used self-
administered (7 centers) or interviewer-administered (2
centers) food frequency questionnaires (FFQs) or diet
history questionnaires (1 center) that were quantitative,
semiquantitative, or nonquantitative51 to estimate ha-
bitual dietary intake over the previous 12 months. In
addition, 24-hour dietary recall data from interviews in
a random sample of 10%–15% of participants per center
were used to calibrate data to a common reference scale
across participating countries: sex- and center-specific
differences in mean estimated intake value between
FFQs (which differed across countries) and the referent
24-hour recall were calculated and added to the FFQ
values. These calibrated dietary data were used in the
analysis. Feart et al.49 used interview-administered
FFQs (not semiquantitative, time period not specified)
and 24-hour dietary recall for all participants. Both
studies used the Mediterranean diet index created by
Trichopoulou et al.52 (referred to hereafter as the
“Mediterranean diet score”) to assess dietary adherence,
but the index was modified for lipid intake in 1 study.48
Hip fracture. In the study by Benetou et al.,48 the pro-
portion of individuals experiencing first incident frac-
ture at the hip during the 9-year study period was 0.4%
(802 of 188 765 participants), almost 10-fold lower than
that reported by Feart et al.49 over an 8-year period
(3.9%, 57 of 1482 participants). Benetou et al.48 report
an HR of 0.93 (95%CI, 0.89–0.98; P value not reported),
indicating a 7% decrease in risk of incident hip fracture
per unit increase of the Mediterranean diet score in the
monitored time period of 9 years (the 7% reduced risk
of hip fracture is assumed to apply to each 1-unit incre-
ment across the entire 0- to 9-point adherence index).
There was evidence of a significant interaction by sex,
with the inverse association between hip fracture and
Mediterranean diet adherence being proportionately
Records idenﬁed through 
database searching  
(n = 2326) 
Sc
re
en
in
g  
In
cl
ud
ed
 
El
ig
ib
ili
ty
 
Id
en
ﬁ
ca
o
n 
Addional records idenﬁed 
through other sources  
(n = 18) 
Records aer duplicates removed  
(n = 1738) 
Records screened  
(n = 1738) 
Records excluded  
(n = 1500) 
Full-text arcles assessed 
for eligibility  
(n = 238) 
Full-text arcles excluded  
(n = 220)  
Reasons 
 Not in humans 
 Other intervenon or 
exposure: hypocaloric MD; 
MD + exercise; MD + 
supplements; nutrients or 
food groups as opposed to  
MD paern 
 Diﬀerent muscle outcome 
i.e. not skeletal muscle 
mass with strength or 
performance 
Included studies  
(n = 18) 
Systemac review 
(n = 3) 
Evidence map 
(n = 15) 
Figure 1 Flow diagram of the literature search process. Abbreviation: MD, Mediterranean diet.
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stronger in men (men, HR¼ 0.90, 95%CI 0.80–1.01;
women, HR¼ 0.97, 95%CI 0.91–1.02; P¼ 0.004 for in-
teraction), but not by age group (< 60 years, HR¼ 0.96,
95%CI 0.89–1.03;  60 years, HR¼ 0.92, 95%CI 0.86–
0.99; P¼ 0.884 for interaction). A post hoc analysis of
data from 84 522 participants aged 50 years and older,
excluding premenopausal women, also yielded a re-
duced risk of hip fracture with better Mediterranean
diet adherence (HR¼ 0.91, 95%CI 0.86–0.96; grouped
by sex: men, HR¼ 0.87, 95%CI 0.76–0.99; women,
HR¼ 0.95, 95%CI 0.89–1.01; P values not reported). In
contrast, Feart et al.49 found that first incident hip frac-
ture during the monitored time period of 8 years was a
nonsignificant 1.18 times more likely with a 1-unit in-
crease in the Mediterranean diet score (HR¼ 1.18,
95%CI 0.99–1.39; P¼ 0.06). Results have been con-
firmed by the lead author to be first incident fractures.
In both studies, these associations were assessed us-
ing Cox regression, adjusting for potential confounders,
and the results given here are for the most-adjusted
models. Figure 3 shows the extent to which the results
from the 2 studies are diametrically opposed. Statistical
synthesis of the results was not done because it may
have yielded a misleading pooled result, even if a
random-effects model to incorporate the heterogeneity
had been used.41
Fracture at other sites. Reported in 1 study,49 first inci-
dent fracture at the hip, wrist, or vertebra during the
follow-up period (8 years) was a nonsignificant 1.10
times more likely with a 1-unit increase in the
Mediterranean diet adherence score (HR¼ 1.10,
95%CI, 0.99–1.21; P¼ 0.08) (Figure 3). No association
was found between a 1-unit increase in the
Mediterranean diet adherence score and first incident
fracture at the vertebra (HR¼ 1.06, 95%CI 0.87–1.29;
P¼ 0.55) or wrist (HR¼ 1.06, 95%CI 0.94–1.26;
P¼ 0.25). The observed difference in mean baseline
Mediterranean diet adherence score (6 SD) in partici-
pants experiencing first incident fracture at any site
(n¼ 155) during the study period vs those experiencing
no fracture (n¼ 1327) was 4.64 units (6 1.72) vs 4.25
units (6 1.67), P¼ 0.04. As before, results are for the
most-adjusted models.
Benetou et al.48 report that some study centers col-
lected data on fractures at anatomical sites other than
the hip, but the data were not presented in the publica-
tions reviewed.
Sarcopenia incidence. The study investigating sarcope-
nia incidence50 in 2898 Chinese adults aged 65 years
and older living in Hong Kong, 50% of whom were
women, found no association between a 1-unit increase
in Mediterranean diet adherence (assessed using the
Mediterranean diet score52) and presence of sarcopenia
in the 1449 men (most-adjusted OR¼ 0.98, 95%CI
0.86–1.10; P¼ 0.68) or the 1449 women (most-adjusted
OR¼ 0.96, 95%CI 0.83–1.11; P¼ 0.602) studied over
4 years (Table 2). Sarcopenia was defined according to
the Asian Working Group for Sarcopenia algorithm,22
Figure 2 Volume (no. of studies) and nature (study designs) of evidence identified in the systematic review and evidence map,
grouped by outcome: 18 studies in total, some of which reported more than 1 outcome. Abbreviation: RCT, randomized controlled
trial.
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with cutoff values as follows: (1) appendicular skeletal
muscle mass index (appendicular skeletal muscle
mass  height2) < 7.0 kg/m2 (men) or < 5.4 kg/m2
(women), assessed using dual-energy x-ray absorptiom-
etry scan of 4 limbs, with the sum of lean mass mea-
sured at “cut lines” according to the anatomical
landmarks of Heymsfield et al.,53 plus either (2) hand
grip strength < 26 kg (men) or < 18 kg (women),
assessed by dynamometer using average value of 2
measurements, or (3) gait speed over 6 meters at usual
walking speed < 0.8 m/s (men and women), assessed
using the average value of 2 measurements.
In common with the fracture studies, dietary intake
was assessed at baseline only, using an FFQ (inter-
viewer-administered, semiquantitative) to capture ha-
bitual food intake over the previous 12 months and the
Mediterranean diet score52 to assess Mediterranean diet
adherence.
Evidence map studies
The evidence map comprises 15 studies that investi-
gated the association between a Mediterranean diet and
musculoskeletal outcomes but failed to meet the system-
atic review eligibility criteria for the following reasons:
the type of Mediterranean diet described (3 RCTs,54–56
2 prospective cohort studies,57,58); the study design (5
cross-sectional studies,50,59–62 1 before–after study,63 1
case–control study64); or both (3 cross-sectional stud-
ies65–67). Eleven studies were from Europe54–56,58–63,65–67
and 1 each from the United States,57 Iran,66 Hong
Kong,50 and China.64 Eleven studies have been reported
since 2012,50,55–59,61,62,64,66,67 1 of which is ongoing,56
reflecting the growing attention to the effect of diet on
musculoskeletal health. Details of the interventional
studies included in the evidence map are outlined in
Table 454–56,63, and those of the observational studies in
Table 5.50,57–62,64–67
Dietary intake data were collected at baseline in all
15 studies and at follow-up time point(s) in 4 of the 6
prospective studies.54–56,63 Approaches to collecting
data varied. Eight of the 10 studies that reported using
either diet history questionnaires or FFQs to assess ha-
bitual food intake stated the time periods that partici-
pants were asked to recall, comprising 7 days (1
study),62 3 months (1 study),57 or 12 months (6 stud-
ies).50,54,55,58,61,64 Self-reported food diaries, where used,
captured dietary intake over 3 days,60,65 7 days,56 or the
entire intervention period of 28 days.63 One study did
not report the approach used to collect dietary intake.67
Ten studies described using a priori indices to ex-
amine the extent to which collected dietary data ad-
hered to prespecified quotas in food categories deemed
by the index developers to be integral to a
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Mediterranean diet. The Mediterranean diet score52
was used in 4 studies,50,59,61,62 the Alternate
Mediterranean diet index68–71 in 2 studies,57,64 the
Mediterranean diet quality index72 in 2 studies,58,67 and
the indices of Martınez-Gonzalez et al.73 and
Panagiotakos et al.74,75 in 1 study each.54,60 There are
differences between these indices in types, groupings,
and/or scoring of food categories. The ongoing NU-
AGE RCT56 is developing a diet index. In 1 study, the
Mediterranean dietary pattern of study participants was
derived a posteriori by collecting and analyzing dietary
data and applying principal component analysis to as-
certain the dietary patterns, 1 of which was then labeled
a Mediterranean diet.66
Two of the 4 interventional studies drew partici-
pants from the PREDIMED (Prevencion con Dieta
Mediterranea) RCT,54,55 and so the dietary interven-
tions, details of which were extracted from the
PREDIMED protocol,76 were the same for both of these
sets of participants, comprising group and individual,
personalized, motivational advice on a Mediterranean
diet plus 1 of the following: virgin olive oil (group 1),
nuts (group 2) (oil and nuts supplied), or advice on a
low-fat diet (group 3). In the NU-AGE RCT,56 partici-
pants were randomized to receive either individually
tailored advice on a Mediterranean diet, along with
some of the food items required by the diet and
vitamin D supplementation (interventional arm), or
general dietary advice alone (control arm). In the
before–after study,63 the Mediterranean diet interven-
tion again differed, being based on recommendations of
the Spanish government for dietary intake for adoles-
cents and on the main characteristics of a
Mediterranean diet.77 Participants were provided with
lunch and dinner for the duration of the trial and were
advised on what to eat for all other meals and snacks.
Full details are given in Table 4.
Eleven of the 15 studies investigated bone-related
outcomes54–58,60–65 and 4 investigated the stipulated
muscle outcomes,50,59,66,67 2 of which reported on sar-
copenia prevalence.50,66
Fracture incidence/risk (2 studies). In a case–control
study,64 726 cases (aged 55–80 years) with hip fracture
were age and sex matched with controls, and adherence
to a Mediterranean diet over the previous 12 months
was assessed using the Mediterranean diet score adher-
ence index.52 The Women’s Health Initiative prospec-
tive cohort study57 followed 90 014 postmenopausal
women, aged 50–79 years, for a median of 15.9 years to
assess hip fracture incidence. Mediterranean diet adher-
ence was assessed at baseline using the alternate
Mediterranean diet index (an index that does not con-
sider dairy products).
Bone mineral density and bone mineral content (8
studies). Bone mineral density was investigated in 2
RCTs,54,56 2 prospective cohort studies,57,58 and 4 cross-
sectional studies,60–62,65 2 of which also investigated
bone mineral content.60,62 Assessment was by dual-
energy x-ray absorptiometry scan in 6 of the 8 studies,
although there was variation in the body areas scanned.
Three studies scanned single sites, namely the L2–L4 re-
gion of the lumbar spine,60 the distal radius of the non-
dominant arm,58 and the calcaneus,61 and 3 studies
scanned multiple sites, namely the femoral neck and the
L2–L4 region of the lumbar spine,62 the femoral neck
and the total body57 and the femur, the total body, and
the spine.56 Other methods used were ultrasound of the
calcaneus54 and peripheral quantitative computed
Figure 3 Forest plot of most-adjusted hazard ratios for first fracture incidence associated with a 1-unit increment in MD adherence
score (on a scale of 0–9, 9 indicating greatest adherence to MD), by fracture site. Abbreviations: IV, inverse variance; MD,
Mediterranean diet; SE, standard error; w, with.
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tomography of the nondominant forearm.65 In the lon-
gitudinal studies, bone mineral density was assessed at
baseline and at 12 months,54,56 4 years,58 or 6 years.57
Studies ranged in size from 3065 to 796157 partici-
pants. Four studies investigated women only, either pre-
menopausal (aged 29–42 years),65 postmenopausal
(aged 50–79 years),57 or pre- and postmenopausal
(mean age, 48 years60 and 42.9 years61). In the 4
remaining studies in which both male and female par-
ticipants were included in roughly equal proportions
(46%–51%), studies comprised teenagers,58 young
adults (aged 20–25 years),62 or older adults only (aged
> 55 years).54,56 The Mediterranean diet adherence in-
dices, where reported, were the Mediterranean diet
score, used in 2 studies,61,62 the alternate Mediterranean
diet index in 1 study,57 and the Mediterranean diet
quality index in 1 study.58 The interventional diets in
the RCTs54,56 are described in Table 4.
Markers of bone turnover (4 studies). Three RCTs54–56
and a before–after study63 assessed the effects of dietary
intervention on markers of bone turnover. Bullo et al.54
reported on urinary and serum markers of bone metab-
olism in a cohort of 238 men and women after 1 year in
the PREDIMED RCT. Fernandez-Real et al.55 investi-
gated serum concentrations of markers of bone forma-
tion and resorption at 1- and 2-year follow-up points in
a cohort of 127 older men from the same PREDIMED
RCT. Mediterranean diet adherence in both studies was
assessed using an extended version of the index by
Martınez-Gonzalez et al.73 The NU-AGE RCT56 investi-
gating a Mediterranean diet plus vitamin D supplemen-
tation included 3 serum markers of bone health (25-OH
vitamin D, calcium, parathyroid hormone) in a planned
sample size of 1250 community-dwelling healthy adults.
In the before–after interventional study involving 20
male adolescents (aged 11–14 years),63 serum and uri-
nary markers of bone turnover were assessed at 1
month.63 The Mediterranean diet adherence assessment
index was not specified.
Muscle-related outcomes (4 studies). Four cross-
sectional studies investigated skeletal muscle mass plus
either skeletal muscle strength or physical perfor-
mance.50,59,66,67 In a study of 2863 women aged 18–
79 years, skeletal muscle mass measures of fat-free
mass, percentage of fat-free mass, and fat-free mass in-
dex were assessed using dual-energy x-ray absorptiome-
try, and muscle strength was assessed using either hand
grip strength and arm muscle quality or leg explosive
power.59 The before–after interventional study involv-
ing 20 adolescent female footballers (soccer players)
reports on the skeletal muscle mass measure of total
lean mass assessed using dual-energy x-ray
absorptiometry, muscle strength (isokinetic strength of
knee joint), power (vertical jump test, kicking ball
speed), and performance (3  30-m sprint and repeated
sprint ability).67 In the 2 remaining studies, both inves-
tigating adults older than 55 years, with sample sizes of
395750 and 300,66 the muscle-related measures were
used to determine the presence or absence of sarcope-
nia, and the association between Mediterranean diet
and sarcopenia prevalence was reported. Both studies
reported gait speed, hand grip strength assessed using a
dynamometer, and values for appendicular skeletal
muscle mass index assessed using dual-energy x-ray ab-
sorptiometry. However they used different operational
definitions of sarcopenia that resulted in slightly differ-
ent cutoff values to determine the presence or absence
of sarcopenia. Mediterranean diet adherence in the 4
studies was assessed by the Mediterranean diet score (2
studies),50,59 by the Mediterranean diet quality index (1
study),67 or by determining a Mediterranean dietary
pattern using an a posteriori approach.66
DISCUSSION
While national dietary guidelines such as the recently
published 2015–2020 Dietary Guidelines for
Americans78 recommend a Mediterranean diet, the data
from this comprehensive systematic and mapping re-
view in which 1738 unique records were screened for
eligibility indicate that the implications of this diet for
bone and musculoskeletal health are not understood.
This work demonstrates an overall paucity of RCTs and
prospective longitudinal studies investigating the associ-
ation between the Mediterranean diet and outcomes in-
dicative of bone or skeletal muscle health (relevant to
sarcopenia) in adults and a lack of such studies in chil-
dren and young people. Studies of any design investi-
gating skeletal muscle outcomes relevant to sarcopenia
are particularly sparse. This is in contrast to the more
comprehensively investigated relationship between
Mediterranean diet and other clinical conditions such
as type 2 diabetes, stroke, and overall mortality.39,79,80
In the systematic review, only 3 studies, all prospec-
tive cohort studies in adults, investigated the association
between a traditional Mediterranean diet (as defined)
and the musculoskeletal outcomes of interest. The 2
studies reporting on the outcome of hip fracture inci-
dence, both of which were assessed as yielding moder-
ate- to good-quality evidence, produced opposing
findings, the cause of which could not be examined sta-
tistically but is likely due, in part, to the between-study
variability in participant characteristics and exposure
assessment. The study that demonstrated a positive ef-
fect of the Mediterranean diet on hip fracture incidence
(Benetou et al.48) included a substantially larger number
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of participants from a more diverse range of countries
within northern and southern Europe and comprised a
younger population that incorporated pre- and peri-
menopausal women, unlike the study by Feart et al.49
that recruited participants in southern France and in-
cluded individuals aged 65 years and older. The study
by Benetou et al.48 did not report on total fractures or
fractures at sites other than the hip. There were large
differences in the size of populations included in the 2
studies, with the smaller study by Feart et al.49 poten-
tially having less power to detect associations with accu-
racy. There were also differences in the covariate factors
included in the statistical models that could potentially
contribute to heterogeneity in the results: whilst age,
sex, body mass index, educational level, physical activ-
ity, and energy intake were adjusted for in both studies,
smoking, menopause status, previous fracture and his-
tory of various, specified, chronic diseases were adjusted
for only by Benetou et al.,48 and osteoporosis status, os-
teoporosis medication, calcium, vitamin D use, and
marital status were adjusted for only by Feart et al.49
Although no association was found between the
Mediterranean diet and fracture incidence in the 1
study that investigated multiple anatomical sites49 there
was consistency in each of the point estimate hazard ra-
tios towards increased fracture incidence with increased
Mediterranean diet adherence. In that study the authors
also found through secondary analysis that low (vs
high) intake of dairy products was associated with an
increased risk of incident fractures at any of the 3 sites
together and, when examined separately, of wrist but
not hip or vertebra fractures. In the larger pan-
European study that investigated hip fracture48 there
was no relationship with dairy products alone.
There was potential for clinical heterogeneity be-
tween the studies in dietary intake assessment, with
Benetou et al.48 using 24-hour dietary data, assessed in
a percentage of patients, to calibrate the FFQ dietary
data to a common reference scale across participating
countries. Also, importantly, in both studies, the cut-off
point for assigning an adherence score of either 0 or 1
for each food category in the dietary adherence index
(Mediterranean diet score) was ascertained from the
sex-specific median of the study sample, and these
medians are likely to have differed between studies
given the participants were not from the same country.
Median intakes of food categories can differ markedly
across countries according to availability and cultural
preferences as shown in the European Prospective
Investigation into Cancer and Nutrition study, which
found considerable differences across countries in con-
sumption of food groups such as animal, processed and
plant foods.81 For this reason, results from studies that
use such scoring methods when assessing dietary
exposure are not immediately generalizable across pop-
ulations with differing dietary habits. It was not possible
in this systematic review to accurately compare mean
daily intake of foods within each food category across
the 2 studies in question, as data are presented in differ-
ent formats (grams/day48 vs servings/week49).
The finding of no association between sarcopenia
incidence and adherence to Mediterranean diet in
Chinese adults after 4 years of follow-up is considered
robust for this specific study population,50 but general-
izability to other populations is cautioned: the opposing
findings of the 2 hip fracture studies above illustrate
that the findings of a single prospective cohort study in-
vestigating Mediterranean diet should be viewed with
prudence. Dietary patterns are assumed to operate
through the nutrients provided in the food within them,
and therefore the variability in consumption of food
groups, which occurs across (and within) countries,
results in differences in the nutrients consumed. The re-
sultant differences complicate the interpretation of the
effects of the dietary patterns on health outcomes.
Nevertheless, the investigation of dietary patterns and
their influence on health outcomes is an established re-
search approach that can complement the more specific
investigation of individual nutrients or food groups.
The 15 studies included in the evidence map, al-
though not eligible for this systematic review on the ba-
sis of the a priori defined criteria, provide important
insights for the planning of future research. A range of
musculoskeletal outcomes have been investigated in
studies of varying design (Figure 2) that use different
methods to ascertain dietary intake and/or adherence to
the Mediterranean diet, or that use different interven-
tional diets and methods of providing dietary advice.
Between-study differences in the types of outcome
measures are particularly obvious with regard to assess-
ment of bone mineral density and skeletal muscle mass,
strength, or physical performance, reflecting ongoing
debates about how to characterize skeletal muscle
health.
This review has a number of strengths in the scope
of the subject as well as the methodology. Mapping the
broader research evidence alongside the systematic re-
view evidence has enabled a comprehensive overview of
the diverse research undertaken on this topic. Studies
that investigated skeletal muscle outcomes and sarcope-
nia (not only fracture and osteoporosis outcomes) were
included in acknowledgment of the recently understood
interactive nature of the bone and skeletal muscle sys-
tems. At the time of writing, this systematic review
appears to be the first to include sarcopenia and its con-
stituent components (loss of skeletal muscle mass and
function) in association with the Mediterranean dietary
pattern. It expands the work of a previously published
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literature review investigating bone health40 by extending
the number of databases searched from 3 to 10; by in-
cluding studies of any language, provided adequate
English translations could be obtained (no studies were
excluded on the basis of language); by using recognized
Cochrane methodology; and by limiting admissible stud-
ies to those whose designs provide the strongest evidence,
ie, RCTs and prospective cohort studies in which out-
come measures were assessed at appropriate time points.
A further strength of this study is the a priori char-
acterization of the Mediterranean diet, accomplished
through careful examination of relevant dietary adher-
ence indices at the start of this study. The potential for
substantial between-study heterogeneity in exposure to
a Mediterranean diet was somewhat reduced by requir-
ing the interventional diets and/or diet adherence as-
sessment indices to have addressed 8 prespecified food
categories as a minimum. Nevertheless, heterogeneity
on this factor was inevitable, given the numerous
Mediterranean diet adherence assessment indices with
differing scoring approaches. These issues related to
characterization of dietary patterns are an important
limitation of studies that intend to provide evidence
about the role of diet on health outcomes, rendering the
results difficult to interpret. A more consistent defini-
tion of the Mediterranean diet that describes not just
the principles of the diet but gives an amount of con-
sumption for the food groups composing the score,
which can be used at an individual level, has been
proposed.39
A drawback to the approach used to define the in-
clusion criteria for the systematic review was that 3 RCTs
and 2 prospective cohort studies were excluded for the
following reasons: the adherence assessment scores did
not assess dairy or meat intake, the Mediterranean diet
intervention did not specifically encourage the intake of
cereals, and participants in the Mediterranean diet inter-
vention arm, but not the control arm, received a
vitamin D supplement. Nevertheless, the combined map-
ping and systematic review approach ensured that the
characteristics of these 5 studies have been captured and
tabulated.
CONCLUSION
While there is a notable body of research pertaining to
the Mediterranean diet and health outcomes such as
cardiovascular and metabolic disease, there is a paucity
of evidence to understand the relationship between this
diet and musculoskeletal outcomes in children, young
people, and adults. Evidence relating to the association
between fracture incidence at the hip in adults living in
Europe and a Mediterranean diet rich in fruit, vegeta-
bles, legumes, cereals, and fish and low in meat, milk,
and saturated fatty acids is contradictory, highlighting
the complexities of interpreting data from studies in
which a dietary pattern is the exposure of interest. The
lack of agreement in the findings for hip fracture inci-
dence emphasizes the need for further studies that can
be assessed alongside the 1 study that found no associa-
tion between Mediterranean diet adherence and frac-
ture incidence at the wrist or vertebra. No association
was found between the Mediterranean diet and sarcope-
nia in Chinese men and women, but the findings were
from a single study, and aggregate support from addi-
tional studies is needed to understand this association
in the context of other populations. At present, there is
insufficient research evidence to inform policy decisions
about the role of Mediterranean diet in fracture risk
and/or skeletal muscle outcomes. That which is avail-
able is methodologically diverse in key aspects such as
methods to assess the dietary pattern. Future research
to answer these questions needs to use a consistent defi-
nition of the Mediterranean diet, robust methods for
assessing exposure to dietary patterns that yield general-
izable data, appropriate musculoskeletal outcomes, suf-
ficiently long follow-up times to assess the outcomes,
and prospective study designs.
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